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7KLV VWXG\ LV UHSRUWV WKH FDOFXODWLRQV RI KXPDQ ERG\ H[HUJ\ EDODQFH DQG LWV DSSOLFDELOLW\ WRPHDVXUHPHQW RI KXPDQ FRPIRUW
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PLQLPL]HGDQG,IRXQGWKDWIRUW\SLFDOZLQWHUDQGLQWHUPHGLDWHVHDVRQFRQGLWLRQVLQ6KL]XRND-DSDQDZRRGHQHQFORVXUHRIIHUV
PRUH WKHUPDOFRPIRUW WKDQFRQFUHWHDQGPHWDO VWUXFWXUHV IRUFDVHVRIQR LQVXODWLRQDQGQRKHDWLQJVRXUFH7KLVVWXG\ UHDFKHV
FRQFOXVLRQV VLPLODU WR WKRVH RI DQRWKHU H[SHULPHQW SHUIRUPHG RQ WKH VXUYLYDELOLW\ RIPLFH LQ YDULRXV HQFORVXUHV LQ GLIIHUHQW
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1.1 Background and purpose 
7KH OLWHUDWXUH >@ RI 6KL]XRND 8QLYHUVLW\ VXJJHVWV WKDW D EXLOGLQJ HQYHORSHPDGH RI ZRRG LV VXLWDEOH IRU WKH
VXUYLYDO KHDOWK DQG FRPIRUW RI WKH RFFXSDQWV DFFRUGLQJ WR WKH PRXVH H[SHULPHQW $OWKRXJK WKH SK\VLRORJLFDO
UHDFWLRQVEHWZHHQDPRXVHDQGDKXPDQGLIIHU,EHOLHYHWKDWWKHUHDFWLRQRIDPRXVHLVDQDSSURSULDWHLQGH[RIWKH
FRPIRUWRIDQLQGRRUWKHUPDOHQYLURQPHQW
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,Q>@FRPSDUDWLYHH[SHULPHQWVZHUHFRQGXFWHGZLWKWKUHHFDJHW\SHV²ZRRGFRQFUHWHDQGPHWDO²WRGHWHUPLQH
ZKLFK FDJHPDWHULDOZDV VXLWDEOH IRU UHDULQJ DPRXVH ,Q WKHZRRGHQ FDJH WKH SXS JUHZ XS IDYRUDEO\ DQG WKH
VXUYLYDOUDWHGD\VDIWHUELUWKZDVZKHUHDVWKHVXUYLYDOUDWHVZHUHDQGLQPHWDODQGFRQFUHWH
FDJHV UHVSHFWLYHO\ 6LQFH LW LV GLIILFXOW WR FRQGXFW WKH VDPH H[SHULPHQW RQ D OLYLQJ SHUVRQ , XVHG DPRGHO WKDW
FRPSXWHVWKHKXPDQERG\WHPSHUDWXUHLQWKLVVWXG\
:KHQERG\KHDWLVFRQVLGHUHGLQDEXLOGLQJHQYLURQPHQWWKHUPDOGLIIXVLRQLHH[HUJ\FRQVXPSWLRQLQHYLWDEO\
RFFXUV$SUHYLRXVUHVHDUFKUHYHDOHGWKDWKXPDQERG\H[HUJ\FRQVXPSWLRQFRUUHVSRQGVWRWKHUPDOFRPIRUWWKDWLVD
PLQLPDO H[HUJ\ FRQVXPSWLRQ UDWH FRUUHVSRQGV WR WKHUPDO FRPIRUW >@ ZKHUHDV D ODUJH H[HUJ\ FRQVXPSWLRQ UDWH
LQGLFDWHVWKDWWKHUHLVWKHUPDOVWUHVVRQWKHKXPDQERG\>@
7KHUHIRUH LQ WKLV VWXG\ , SHUIRUPHG D VHQVLWLYLW\ QXPHULFDO DQDO\VLV RI WKH KXPDQ ERG\ H[HUJ\ EDODQFH WR
HYDOXDWHWKHUHODWLRQVKLSEHWZHHQEXLOGLQJHQYHORSHVSHFLILFDWLRQVDQGLQGRRUWKHUPDOHQYLURQPHQW
1.2 Review of the literature [1] 
,PSULQWLQJ FRQWURO UHJLRQPLFHZHUH KRXVHG LQ VKRHER[ FDJHV îî FPPDGH RIZRRGPHWDO DQG
FRQFUHWHZLWKJRIZRRGHQVKDYLQJVIRUQHVWLQJ7KHWKLFNQHVVRIWKHFDJHHQYHORSHVZHUHDQGPPLQ
ZRRGHQFRQFUHWHDQGPHWDO UHVSHFWLYHO\7KHXSSHUVXUIDFHRI WKHFDJHVZDVFRYHUHGZLWK WKH OLGRI WKHVFUHHQ
7KLUW\FDJHVFDJHVLQHDFKFDVHZHUHUDQGRPO\DUUDQJHGDWDFPKLJKZRRGHQVXEMHFWWKLFNPP7KH
FDJHVZHUHNHSWLQDURRPZLWKRXWDLUFRQGLWLRQLQJ7KHH[SHULPHQWZDVFRQGXFWHGLQWKHLQWHUPHGLDWH$SULO±-XO\
VXPPHU-XO\±6HSWHPEHUDQGZLQWHUVHDVRQV2FWREHU±'HFHPEHU
1.2.1 Intermediate season 
,QWKHZRRGHQFDJHJURXSWKHSXS¶VZHLJKWLQFUHDVHGIDYRUDEO\ZKHUHDVLQWKHFRQFUHWHDQGPHWDOFDJHJURXSV
WKHSXS¶VZHLJKWZDVUHPDUNDEO\RYHUGXHDQGWKHSXSVVWDUWHGG\LQJRQHDIWHUWKHRWKHU7KLVVLWXDWLRQFRQWLQXHGIRU
VHYHQGD\V7KHVXUYLYDOUDWHVRQ WKHUGGD\ZHUHDQGLQ WKHZRRGHQPHWDODQGFRQFUHWH
FDJHJURXSVUHVSHFWLYHO\
1.2.2 Summer season 
,QHDFKJURXSDVPDOOQXPEHURISXSVGLHGZKLFKZDVZLWKLQWKHQRUPDOUDQJH7KHVXUYLYDOUDWHZDVKLJKWLOO
WKHGD\RIGHODFWDWLRQGD\ODUYDOLQVWDUDQGQRGLIIHUHQFHZDVREVHUYHGDPRQJJURXSV
1.2.3 Winter season 
2QWKHQGGD\RIODFWDWLRQDQGLQWKHIROORZLQJGD\VRQHSXSEHJDQWRGLHVXFFHVVLYHO\LQHDFKJURXSDQGWKH
SUREDELOLW\RIVXUYLYDOGURSSHGUDSLGO\7KHPLFHSRSXODWLRQZDVZLSHGRXWLQWKHFRQFUHWHFDJHJURXSE\WKHUG
GD\DQGLQWKHPHWDOFDJHJURXSE\WKHWK&RQYHUVHO\LQWKHZRRGHQFDJHJURXSWKHVXUYLYDOUDWHGURSSHGDOPRVW
OLQHDUO\WLOOWKHWKGD\KRZHYHUWKUHHSXSVZHUHDEOHWRFRQWLQXHVXUYLYLQJWLOOGHODFWDWLRQRQWKHUGGD\
1.3 Exergy balance and thermal comfort 
([HUJ\ LV D WKHUPRG\QDPLF FRQFHSW WKDW UHIHUV WR WKH WHQGHQF\ RI HQHUJ\ DQG PDWWHU WR GLVSHUVH VR WKDW WKH
HQYLURQPHQW UHDFKHV HTXLOLEULXP ,QQDWXUDO SKHQRPHQDSURFHVVHVZKHUHGLVSHUVLRQRFFXUV UDQGRPO\ HQHUJ\ DQG
PDWWHUDUHFRQVHUYHGEXWWKHLUTXDOLW\LVLQHYLWDEO\UHGXFHG7KHUHIRUHH[HUJ\HYDOXDWLRQLVXVHIXOIRUV\VWHPVWKDW
XWLOL]HQDWXUDOSRWHQWLDOUHVRXUFHV>@
:KHQXVLQJWKHH[HUJ\FRQFHSWWRHYDOXDWHKHDWLQJDQGFRROLQJV\VWHPVRIEXLOGLQJVWKHHYDOXDWLRQFRQVLGHUVWKH
TXDOLW\ RI WKH WKHUPDO HQHUJ\ FRUUHVSRQGLQJ WR D JLYHQ WHPSHUDWXUH OHYHO:H NQRZ WKDW H[HUJ\ LV VDYHG ZKHQ
XWLOL]LQJVRXUFHVRIZDUPWKDQGFRROLQJIRUZKLFKWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHVRXUFHDQGRXWGRRUDLULV
PLQLPL]HG7KXV WKHFRQFHSWRI³ORZWHPSHUDWXUHKHDWLQJDQGKLJKWHPSHUDWXUHFRROLQJ´UHIHUV WRDZDUPVRXUFH
ZLWKDUHODWLYHO\ORZWHPSHUDWXUHIRUKHDWLQJDQGDFRROVRXUFHZLWKDUHODWLYHO\KLJKWHPSHUDWXUHIRUFRROLQJ7KLV
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V\VWHPLVDOVRFDOOHGD³ORZH[HUJ\V\VWHPIRUKHDWLQJDQGFRROLQJ´EHFDXVHLWLVUHDOL]HGZLWKRQO\DVPDOODPRXQW
RIH[HUJ\LQSXWDQGFRQVXPSWLRQ>@
7KHH[HUJ\FRQFHSWPD\DOVREHDSSOLHGWRWKHKXPDQERG\V\VWHP+XPDQVFDQOLYHFRPIRUWDEO\ZKHQDVPRRWK
GLVSHUVLRQRIERG\KHDWDQGVZHDWLQJLVJXDUDQWHHG7KHUHIRUHWKHUPDOVHQVDWLRQVVXFKDV³KRW´DQG³FROG´PD\EH
PRUHFORVHO\UHODWHGWRWKHKXPDQERG\H[HUJ\EDODQFHWKDQWKHHQHUJ\EDODQFH>@6RPHVWXGLHVKDYHLQYHVWLJDWHG
WKHUHODWLRQVKLSEHWZHHQKXPDQERG\H[HUJ\EDODQFHDQGWKHUPDOFRPIRUW>@$VHULHVRIUHVHDUFKSURMHFWVRQWKH
UHODWLRQVKLSEHWZHHQKXPDQERG\H[HUJ\EDODQFHDQGWKHUPDOFRPIRUWUHYHDOHGWKDWWKHWKHUPDOHQYLURQPHQWZLWK
UHVSHFWWRWKHKXPDQERG\H[HUJ\FRQVXPSWLRQUDWHKDVDQHFHVVDU\PLQLPXPIRUWKHUPDOFRPIRUW>@
,Q >@ WKH DXWKRUV FRQGXFWHG D KXPDQ ERG\ H[HUJ\ EDODQFH VHQVLWLYH QXPHULFDO DQDO\VLV WR UHYHDO D KHDWLQJ
V\VWHPLQKDUPRQ\ZLWKWKHKXPDQERG\WHPSHUDWXUHUHJXODWLRQV\VWHP,QWKHKXPDQERG\³HQHUJ\´FRQFHSWWKHUH
DUH LQQXPHUDEOH VHWV RI URRP DLU WHPSHUDWXUHV DQGPHDQ UDGLDQW WHPSHUDWXUHV WKDW UHDOL]H WKH >PHWDEROLF KHDW@  
>RXWJRLQJ KHDW@ EDODQFH +RZHYHU WKHUH LV D VHW RI URRP DLU WHPSHUDWXUH DQG PHDQ UDGLDQW WHPSHUDWXUH
PHDVXUHPHQWVZKHUH WKH H[HUJ\ FRQVXPSWLRQ UDWH LVPLQLPL]HGZKLOH UHDOL]LQJ WKLV >PHWDEROLF KHDW@   >RXWJRLQJ
KHDW@7KXVWKHKXPDQERG\³H[HUJ\´EDODQFHFDQFRPSOHPHQWWKHWKHUPDOFRPIRUWLQGH[RQWKHEDVLVRIWKH³HQHUJ\´
FRQFHSW
7KHKXPDQERG\H[HUJ\EDODQFHHTXDWLRQLVGHULYHGE\FRPELQLQJWKHIROORZLQJWKUHHHOHPHQWVDKXPDQERG\
HQHUJ\EDODQFHHTXDWLRQDKXPDQERG\HQWURS\EDODQFHHTXDWLRQDQGWKHHQYLURQPHQWDO WHPSHUDWXUHRXWGRRUDLU
WHPSHUDWXUHH[SUHVVHGDVIROORZV>@

>:DUPH[HUJ\JHQHUDWHGE\PHWDEROLVP@
>:DUP&RRODQGZHWGU\H[HUJLHVRILQKDOHGKXPLGDLU@
>:DUPDQGZHWH[HUJLHVRIOLTXLGZDWHUJHQHUDWHGLQWKHFRUHE\PHWDEROLVP@
>:DUP&RRODQGZHWGU\H[HUJLHVRIWKHVXPRIOLTXLGZDWHUJHQHUDWHGLQWKHVKHOOE\PHWDEROLVPDQGGU\DLUWR
OHWWKHOLTXLGZDWHUGLVSHUVH@
>:DUP&RROUDGLDQWH[HUJ\DEVRUEHGE\WKHHQWLUHVXUIDFHRIWKHVNLQDQGFORWKLQJ@
í>([HUJ\FRQVXPSWLRQ@
 >:DUPH[HUJ\VWRUHGLQWKHFRUHDQGVKHOO@
>:DUPDQGZHWH[HUJLHVRIH[KDOHGKXPLGDLU@
 >:DUPFRRO H[HUJ\ RI ZDWHU YDSRU RULJLQDWLQJ IURP VZHDW DQG ZHWGU\ H[HUJ\ RI KXPLG DLU FRQWDLQLQJ
HYDSRUDWHGZDWHUIURPVZHDW@
>:DUPFRROUDGLDQWH[HUJ\GLVFKDUJHGIURPWKHHQWLUHVXUIDFHRIWKHVNLQDQGFORWKLQJ@
 >:DUPFRRO H[HUJ\ WUDQVIHUUHG E\ FRQYHFWLRQ IURP WKH HQWLUH VXUIDFH RI WKH VNLQ DQG FORWKLQJ LQWR WKH
VXUURXQGLQJDLU@
>([WHUQDOZRUN@          

1XPHULFDODQDO\VLV
2.1 Calculation method 
, FRQGXFWHG D FRXSOHG QXPHULFDO DQDO\VLV E\ FRXSOLQJ D ³EXLOW HQYLURQPHQWDO V\VWHP´ ZLWK D ³KXPDQ ERG\
V\VWHP´,QWKLVVWXG\WKH³EXLOWHQYLURQPHQWDOV\VWHP´LVGHILQHGDVWKDWFRQVLVWLQJRIEXLOGLQJHQYHORSHV\VWHPV
VXFK DVZDOOVZLQGRZV FHLOLQJV URRIV IORRUV DQGEXLOWHQYLURQPHQWDO VSDFH URRP DLU , WKHQXVHG DQ HQHUJ\
EDODQFH HTXDWLRQ PRGHO WKDW DSSUR[LPDWHV WKH ZDOOV¶ KHDW FDSDFLW\ ZLWK D VHULHV RI QRGHV IRU ³XQVWHDG\VWDWH´
FRQGXFWLRQ LQ WKHEXLOWHQYLURQPHQWDOV\VWHP,GHULYHGGLIIHUHQWLDOHTXDWLRQVIRU'KHDWFRQGXFWLRQ LQ WKHIORRU
ZDOOVFHLOLQJDQGURRPDLUDQGWKHQVROYHGWKHVHVLPXOWDQHRXVHTXDWLRQVWRREWDLQWHPSHUDWXUHVDWHDFKSRLQW,XVHG
WKHKXPDQERG\HQHUJ\EDODQFHPRGHORUDWZRQRGHPRGHOIRUWKHKXPDQERG\V\VWHP7KHWHPSHUDWXUHVRIERG\
FRUHVKHOOVNLQDQGFORWKLQJVXUIDFHFDQEHGHWHUPLQHGE\WKHSURFHGXUHJLYHQE\*DJJHHWDO>@
7KHFDOFXODWLRQ IORZ LV DV IROORZV)LUVW , LQSXWZHDWKHUGDWD DQG OLYLQJFRQGLWLRQVZKLFKDUHDIIHFWHGE\ WKH
RFFXSDQW¶V EHKDYLRU WR WKH EXLOW HQYLURQPHQWDO HQHUJ\ EDODQFHPRGHO LQ RUGHU WR REWDLQ WKH WHPSHUDWXUHV RI WKH
URRPDLUDQGWKHLQWHULRUVXUIDFHRIWKHZDOOV6HFRQG, LQSXWWKHURRPDLUDQGVXUIDFHWHPSHUDWXUHVWRWKHKXPDQ
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ERG\HQHUJ\EDODQFHPRGHO WR WKHQREWDLQ WKH WHPSHUDWXUHVRI WKHFRUHVKHOODQGFORWKLQJ)LQDOO\, LQSXW WKH
WHPSHUDWXUHV RI WKH FRUH VKHOO DQG FORWKLQJ REWDLQHG E\ WKH KXPDQ ERG\ HQHUJ\ EDODQFH FDOFXODWLRQV  WKH
WHPSHUDWXUHV RI WKH EXLOW HQYLURQPHQW¶V URRP DLU DQG LQWHULRU ZDOO VXUIDFHV REWDLQHG E\ WKH EXLOW HQYLURQPHQWDO
HQHUJ\EDODQFHFDOFXODWLRQVDQGWKHRXWGRRUDLUWHPSHUDWXUHWKHHQYLURQPHQWWHPSHUDWXUHQHFHVVDU\IRUH[HUJ\
FDOFXODWLRQ LQWR WKHKXPDQERG\H[HUJ\EDODQFHHTXDWLRQ7KXV,REWDLQHG WKHYDOXHIRUHDFK WHUPLQ WKHKXPDQ
ERG\H[HUJ\EDODQFHHTXDWLRQLQFOXGLQJWKHH[HUJ\FRQVXPSWLRQUDWH>@
2.2 Fixed condition 
2.2.1 Built environmental systems 
%XLOGLQJHQYHORSHVSHFLILFDWLRQV
, DVVXPHGDEXLOW HQYLURQPHQWDO VSDFHRIîîP , DOVR DVVXPHG WKDW WKH FHLOLQJ IORRU DQGZDOOVZHUH
IDFLQJWKHRXWGRRUDLU,DVVXPHGDGRXEOHJOD]HGHDFKJODVVPPWKLFNDQGDWRWDOKHDWWUDQVIHUFRHIILFLHQWRIWKH
DLUVSDFHLV:P.VRXWKIDFLQJZLQGRZîPORFDWHGRQWKHVRXWKH[WHULRUZDOO,DVVXPHGWKDWWKHUH
LVDPPZRRGHQSODWHXQGHUWKHIORRUEHFDXVHLQWKHPRXVHH[SHULPHQWLQWKHOLWHUDWXUH>@HDFKPRXVHFDJHZDV
SODFHGRQDZRRGHQH[SHULPHQWDOWDEOHRIWKLFNQHVVPP
:HDWKHUFRQGLWLRQV
,VWXGLHGZHDWKHUFRQGLWLRQVE\SHULRGLFDOVWHDG\VWDWHFDOFXODWLRQ,XVHGWKHRXWGRRUDLUWHPSHUDWXUHVFRQWDLQHG
E\WKHZHDWKHUGDWDRI6KL]XRND-DSDQ0D\WKIRUWKHLQWHUPHGLDWHVHDVRQFRQGLWLRQ$XJXVWVWIRUWKHVXPPHU
VHDVRQ FRQGLWLRQ DQG 'HFHPEHU WK IRU WKH ZLQWHU VHDVRQ FRQGLWLRQ , HYDOXDWHG WKH LQWHJUDWLRQ RI WKH H[HUJ\
FRQVXPSWLRQUDWHLHWKHWRWDOH[HUJ\FRQVXPSWLRQRYHUGD\VDIWHUDGD\SUHFDOFXODWLRQSHULRG,DVVXPHGDQ
RXWVLGHUHODWLYHKXPLGLW\RIDFRQVWDQWDQGWKDWWKHVRODUUDGLDWLRQDQGHIIHFWLYHORQJZDYHUDGLDWLRQRIWKHVN\
FRXOGEHGLVUHJDUGHGLHVRO±DLUWHPSHUDWXUHHTXDOHGRXWGRRUDLUWHPSHUDWXUH
2FFXSDQWEHKDYLRUFRQGLWLRQV
,DVVXPHGQRKHDWLQJDQGQRFRROLQJFRQGLWLRQV WKDW LV WKHRQO\KHDWVRXUFHLQ WKHURRPZDVWKHLQWHUQDOKHDW
JHQHUDWHGE\IRXUSHRSOHZKLFK,DVVXPHGWREH:SHUVRQDW:7KHSURSRUWLRQVRIJHQHUDWHGKHDWZHUH
UDGLDWLRQDQGFRQYHFWLRQ7KHQXPEHURIDLUFKDQJHVSHUKRXUZDV
2.2.2 Human body system 
,PRGHOHGDKXPDQERG\ORFDWHGLQWKHFHQWHURIWKHURRPLQDVHGHQWDU\SRVWXUHZLWKDPHWDEROLFUDWHRIPHW
,DVVXPHGWKDWRQO\RQHSHUVRQLVFRQVLGHUHGIRUKXPDQERG\H[HUJ\FDOFXODWLRQDQGIRXUSHUVRQVDUHFRQVLGHUHG
IRULQWHUQDOKHDWJHQHUDWLRQ:7KHFORWKHVKHDWUHVLVWDQFHZDVDVVXPHGWREHFORIRUWKHLQWHUPHGLDWHDQG
VXPPHUVHDVRQVDQGFORIRUWKHZLQWHUVHDVRQ7KHURRPDLUUHODWLYHKXPLGLW\ZDVDQGDLUYHORFLW\ZDV
PV
2.3 Comparative condition 
5HIHUULQJWR>@,FRPSDUHGWKUHHW\SHVRIEXLOGLQJHQYHORSHPDWHULDOVZRRGFRQFUHWHDQGPHWDO7DEOHVDQG
,DVVXPHGWKHEXLOGLQJHQYHORSHPDWHULDOWREHDVLQJOHOD\HUDQGQRRWKHUPDWHULDOVVXFKDVWKHUPDOLQVXODWLRQ
ZHUH PRGHOHG ZKLFK LV LQ DJUHHPHQW ZLWK >@ ,Q RUGHU WR FRQVLGHU QRPLQDO FRQGLWLRQV , HYDOXDWHG WKH VDPH
FRQGLWLRQVDVWKRVHLQWKH>@&DVH7RH[DPLQHWKHFDVHRIEXLOGLQJVSDFH,HYDOXDWHGWKHZLGWKQHDUDEXLOGLQJ
WHFKQLFDOVSHFLILFDWLRQ&DVH)RUDIDLUHYDOXDWLRQ,HYDOXDWHGWKHFDVHRIWKHVDPHZLGWK&DVH,Q&DVHWKH
WKLFNQHVVRIWKHZRRGHQHQYHORSHLVWKHVDPHDVWKDWXVHGLQWKH,WDNXUDWUDGLWLRQDO-DSDQHVHZRRGHQVWUXFWXUHWKH
FRQFUHWH HQYHORSH KDV WKH VDPH WKLFNQHVV DV WKDW RI D FRQFUHWH ZDOO LQ D UHLQIRUFHG FRQFUHWH FRQVWUXFWLRQ
FRQGRPLQLXPDQGWKHPHWDOHQYHORSHKDVDOPRVWWKHVDPHWKLFNQHVVDVWKHVKXWWHUJHQHUDOO\XVHGIRUWULDOV



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7DEOH%XLOGLQJHQYHORSHWKLFNQHVV>PP@
 :RRGHQ &RQFUHWH 0HWDO
&DVH0RXVHFDJHVSHFLILFDWLRQ
&DVH&RQVWUXFWLRQVSHFLILFDWLRQ






&DVH7KHVDPHLQWKLFNQHVV   

7DEOH7KHUPDOSK\VLFDOSURSHUWLHVRIEXLOGLQJHQYHORSHPDWHULDO
 :RRGHQ &RQFUHWH 0HWDO
7KHUPDOFRQGXFWLYLW\>:P.P@
6SHFLILFKHDW>N-NJ.@






'HQVLW\>NJP@   
6SHFLILFKHDWFDSDFLW\>N-P.@   
5HVXOWV
3.1 Intermediate season 
7KHLQWHJUDWHGKXPDQERG\H[HUJ\FRQVXPSWLRQUDWHVIRULQWHUPHGLDWHVHDVRQDUHVKRZQLQ7DEOH)RU&DVH
WKH RUGHU IURP VPDOOHVW WR ODUJHVW LV ZRRG  N-P PHWDO  N-P DQG FRQFUHWH  N-P 7KLV LV
FRQVLVWHQWZLWKWKHH[SHULPHQWIRU WKHLQWHUPHGLDWHVHDVRQLQ>@ WRVRPHH[WHQWZKLFKVKRZHGWKHSUREDELOLW\RI
VXUYLYDORIWKHSXSDVIRUZRRGHQIRUPHWDODQGIRUFRQFUHWHFDJHV,Q&DVHVDQGWKHRUGHU
RI WKH LQWHJUDWHG H[HUJ\ FRQVXPSWLRQ YDOXH IURP WKH VPDOOHVW WR ODUJHVW ZDV ZRRG FRQFUHWH DQG PHWDO 7KLV
FRUUHVSRQGVWRWKHRUGHURIWKHWKHUPDOFRQGXFWLYLW\RIWKHPDWHULDOV7DEOH7KHUHDVRQ&DVHGLGQRWVKRZWKH
VDPHRUGHULVEHFDXVHWKHWKLFNQHVVRIWKHPHWDOHQYHORSHRI&DVHZDVWKLQWKHUHIRUHWKHLQIOXHQFHRIWKHZRRGHQ
SODWHXQGHUWKHIORRUZDVUHODWLYHO\ODUJHEHFDXVHRIWKHFRPSDUDWLYHO\ORZWKHUPDOFRQGXFWLYLW\RIWKHZRRG7KLVLV
DOVRGLVFXVVHGLQWKHOLWHUDWXUH>@

7DEOH,QWHJUDWHGKXPDQERG\H[HUJ\FRQVXPSWLRQUDWH>N-P@LQWHUPHGLDWHVHDVRQ
 :RRGHQ &RQFUHWH 0HWDO
&DVH0RXVHFDJHVSHFLILFDWLRQ
&DVH&RQVWUXFWLRQVSHFLILFDWLRQ






&DVH6DPHWKLFNQHVV   
3.2 Summer season 
7KHLQWHJUDWHGKXPDQERG\H[HUJ\FRQVXPSWLRQUDWHIRU WKHVXPPHUVHDVRQLVVKRZQLQ7DEOH$OWKRXJKWKH
YDOXH IRU ZRRGZDV WKH ODUJHVW IRU DOO FDVHV WKH GLIIHUHQFHV EHWZHHQZRRG DQG FRQFUHWH DQGPHWDO ZHUH VPDOO
FRPSDUHG ZLWK WKH GLIIHUHQFHV IRU LQWHUPHGLDWH VHDVRQ 7DEOH  7KLV LV EHFDXVH ZRRG ZLWK LWV ORZ WKHUPDO
FRQGXFWLYLW\DQGVPDOOKHDWFDSDFLW\FDQQRWHIILFLHQWO\GLVFDUGWKHKHDWJHQHUDWHGLQWKHURRPIURPWKHURRPVSDFH
WRWKHEXLOGLQJHQYHORSHRURXWVLGHGXULQJWKHWLPHSHULRGZKHQWKHRXWGRRUWHPSHUDWXUHZDVORZHUWKDQWKHLQGRRU
WHPSHUDWXUH,QDOOWKHFDVHVDQGIRUDOOEXLOGLQJPDWHULDOVWKHYDOXHZDVaN-P7KLVFRUUHVSRQGVWRDOPRVWQR
GLIIHUHQFH LQ VXUYLYDO SUREDELOLW\ DQG DV UHSRUWHG LQ WKH OLWHUDWXUH WKHPRXVH KDG D KLJK SUREDELOLW\ RI VXUYLYDO
UHJDUGOHVVRIWKHPDWHULDOLQVXPPHUVHDVRQ>@


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7DEOH,QWHJUDWHGKXPDQERG\H[HUJ\FRQVXPSWLRQ>N-P@VXPPHUVHDVRQ
 :RRGHQ &RQFUHWH 0HWDO
&DVH0RXVHFDJHVSHFLILFDWLRQ
&DVH&RQVWUXFWLRQVSHFLILFDWLRQ






&DVH6DPHWKLFNQHVV   
3.3 Winter season 
7KHLQWHJUDWHGKXPDQERG\H[HUJ\FRQVXPSWLRQUDWHIRUWKHZLQWHUVHDVRQLVVKRZQLQ7DEOH7KHUHDVRQWKH
YDOXHVRIZLQWHUVHDVRQDUHUHODWLYHO\ODUJHFRPSDUHGZLWKWKRVHRILQWHUPHGLDWHVHDVRQ7DEOHRUVXPPHUVHDVRQ
7DEOHDUHDVIROORZV7KHRXWGRRUDLUZLWKUHODWLYHO\ORZWHPSHUDWXUHPDGHWKHEXLOGLQJHQYHORSHWHPSHUDWXUH
ORZ WKHUHIRUH WKH WKHUPDO GLIIXVLRQ IURP WKH KXPDQ ERG\ WR WKH EXLOGLQJ HQYHORSH ZDV IDVW 7KLV WHQGHQF\ LV
FRQVLVWHQWZLWK WKHH[SHULPHQWDO UHVXOWV LQ WKH OLWHUDWXUH >@ZKLFKVKRZ WKDW WKH VXUYLYDOSUREDELOLW\RIDSXS LQ
ZLQWHUVHDVRQLVUHPDUNDEO\ORZFRPSDUHGZLWKWKRVHRILQWHUPHGLDWHVHDVRQRUVXPPHUVHDVRQ7KHRUGHULQ7DEOH
 LV WKH VDPH DV WKDW LQ 7DEOH  LQWHUPHGLDWH VHDVRQ KRZHYHU WKH GLIIHUHQFHV EHWZHHQ WKH YDOXHV IRU ZRRG
FRQFUHWHDQGPHWDODUHODUJHFRPSDUHGZLWKYDOXHVRIWKHLQWHUPHGLDWHVHDVRQ
7DEOH,QWHJUDWHGKXPDQERG\H[HUJ\FRQVXPSWLRQ>N-P@ZLQWHUVHDVRQ
 :RRGHQ &RQFUHWH 0HWDO
&DVH0RXVHFDJHVSHFLILFDWLRQ
&DVH&RQVWUXFWLRQVSHFLILFDWLRQ






&DVH6DPHWKLFNQHVV   
&RQFOXVLRQ
7KHGZHOOLQJFRPIRUWRILQGRRUWKHUPDOHQYLURQPHQWDIIHFWHGE\GLIIHUHQFHVLQEXLOGLQJHQYHORSHPDWHULDOZDV
UHYHDOHGE\FRQGXFWLQJDVHQVLWLYHQXPHULFDODQDO\VLVXVLQJKXPDQERG\H[HUJ\EDODQFH)RUFRQGLWLRQVRIQR
LQVXODWLRQDQGQRKHDWLQJLWZDVVKRZQWKDWZRRGLVPRUHVXLWDEOHIRUWKHUPDOFRPIRUWFRPSDUHGZLWKFRQFUHWHDQG
PHWDO7KLVVWXG\UHDFKHVFRQFOXVLRQVVLPLODUWRWKRVHRIDQRWKHUH[SHULPHQWSHUIRUPHGRQWKHVXUYLYDELOLW\RIPLFH
LQYDULRXVHQFORVXUHVLQGLIIHUHQWWKHUPDOHQYLURQPHQWV,EHOLHYHWKDWDIXWXUHVWXG\VKRXOGH[DPLQHWKHFDVH
ZKHUHLQDZRRGHQSODWHLVLQVWDOOHGRQWKHLQWHULRUVXUIDFHRIWKHPHWDODQGFRQFUHWHHQYHORSHVWRWKHUPDOO\LPSURYH
WKHLQWHULRUFRQGLWLRQV
5HIHUHQFHV
>@ 6KL]XRND 3UHIHFWXUH:RRG&RRSHUDWLYH 1XUVH D /LIH %LRORJLFDO DVVHVVPHQW RI GZHOOLQJ DELOLW\ RI EXLOGLQJPDWHULDOV E\ FRPSDULVRQ RI
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LQ-DSDQHVH
>@6KXNX\D0([HUJ\²7KHRU\DQGDSSOLFDWLRQVLQWKHEXLOWHQYLURQPHQW6SULQJHU
>@6DLWR06KXNX\D06WXG\RQWKHVHQVDWLRQRIWLUHGQHVVGXHWRF\FOLFH[SRVLQJWRDLUFRQGLWLRQHGURRPVDQGRXWGRRUV3DUW$QDO\VLVRQ
WKHH[HUJ\FRQVXPSWLRQZLWKLQDKXPDQERG\3URFHHGLQJVRI$,-$QQXDO0HHWLQJLQ-DSDQHVH
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37 Low Exergy Systems for Heating and Cooling of Buildings
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